The photodissociation of 56 FeO was studied by means of the velocity map imaging technique. A molecular beam of iron atoms and iron monoxide molecules was created using an electrical discharge with an iron electrode in a supersonic expansion of molecular oxygen. 
I. INTRODUCTION
The ground state of FeO has been established to be of X 5 ⌬ i symmetry with a ͑4s͒ 1 ͑3d␦͒ 3 ͑3d͒ 2 electronic configuration. 1 The manifold of electronically excited states is very complicated and less known. Recently, new bands in the region of the 16 800-18 500 cm −1 were discovered. 2 The first excited state, in the energy range 3948-4050 cm −1 is assigned as A 5 ⌺ + , and second is B 5 ⌸ ͑ϳ14 400 cm −1 ͒. There are some indications of the existence of the a 7 ⌺ + state, which is lower in energy than the A 5 ⌺ + . 3, 4 Even the vibration quantum of the ground state X 5 ⌬ i is not defined: the photodetachment photoelectron spectra yield a value of 970 cm −1 , 5, 6 while optical methods suggest a value of 871 cm −1 . 3, 7 Some low-lying potential energy curves for FeO derived from Refs. 3 and 8 are shown schematically in Fig. 1 .
Studies of FeO, such as those of all transition metal oxides, have been limited by the accessibility of the species in the gas phase. Most of the early spectroscopic studies of FeO derived information on the molecular structure through a complicated analysis of spectra obtained under unfavorable conditions ͑high temperature ovens, discharges, laser ablation, etc.͒ when many rovibrational states are populated and many other species such as metal compounds or clusters are present. The cold molecular beam studies reported here have an advantage, especially when combined with velocity map imaging, which gives direct information on the molecular state ͑dissociation energy, possible symmetry, absorption cross section for the particular transition, etc.͒. In this paper we report the first direct observation of the photodissociation of FeO molecule and demonstrate two features: ͑1͒ an efficient source for metal atoms and metal compounds injected into the molecular beam, and ͑2͒ the power of the velocity mapping for analysis of poorly known molecular systems.
II. EXPERIMENT
The experimental arrangement is a typical velocity map imaging setup. 9 Briefly, it consists of a molecular beam source, lasers, ion lens system, multichannel plate ͑MCP͒ detector, charge coupled device ͑CCD͒ camera, various triggers, and supplies. In all of the laser wavelength regions one-laser experiments were carried out using tunable dye lasers ͑radiant dyes͒ pumped by the second or third harmonics of a Nd:YAG ͓YAG-yttrium aluminum garnet͔ laser. The laser light in the region 210-260 nm was obtained by doubling or tripling of the laser dyes LDS698, DCM, C500, C47͒ using BBO and potassium dihydrogen phosphate crystals. The ion lens system consists of the repeller, extractor, and ground electrodes, which focus ions having the same velocity to the same position on a two-dimensional ͑2D͒ MCP detector. The MCP detector converts a single ion event into a flash of light on a phosphor screen. The images observed at the phosphor screen were collected with the help of CCD camera and software ͑DAVIS͒ and averaged by a personal computer.
Special attention was directed to the design of the molecular beam source, which is capable of generation of metal atoms and their compounds formed by reaction with the carrier gas. The details of the design have been described in a recent paper. 10 It consists of a holder for a high voltage discharge wire loop installed on the top of standard pulse nozzle ͑general valve͒. The electrode from desirable material ͑iron in this case͒ can be plugged in and supplied with a dc voltage of −1000-−2000 V. The front side of the nozzle acts as the second ͑grounded͒ electrode. When the nozzle opens and the gas pulse enters the chamber, it causes a corona discharge around the high voltage electrode. This discharge injects atoms from the electrode surface into the gas volume. The mechanism for metal atom injection is similar to the "cathode sputtering" effect, when free metal atoms appear in the discharge near the cathode. In our experiments the cathode was made from iron wire 0.5 mm, turned into a ring of 3 mm. The discharge current was limited by the high voltage supply to 10 mA.
III. RESULTS AND DISCUSSION
Typical raw images observed from a discharge in argon/ oxygen at mass 56 amu, are shown in Figs. 2͑a͒ and 2͑b͒ .
͑1+1͒ resonantly enhanced multiphoton ionization ͑REMPI͒ detection of Fe͑ 5 D 3 ͒ atoms ͓Fig. 2͑a͔͒ in an Ar carrier gas discharge yields a zero-velocity image as expected. When oxygen was used as the carrier gas this image changes to Fig. 2͑b͒ , showing the central dot and also a new disk with kinetic energy release. Furthermore, a signal at mass 72 amu appeared in the molecular beam after the discharge which shows zero kinetic energy and a two-photon intensity dependence. We assign this mass as 56 FeO. During a arbitrary scan of the 39 500-39 850 cm −1 photon energy region a REMPI spectrum has been found ͑Fig. 3͒, which to the best of our knowledge represents the first reported REMPI spectrum for FeO. This is a relatively strong signal, comparable to the ͑1+1͒ REMPI signals for Fe atoms in the beam.
Due to lack of data, we cannot assign this spectrum, but most likely it shows a rotational progression with turning point near 39 577 cm −1 . Emission from excited FeO has been reported at slightly higher energies than the observed spectrum. 7 As indicated by the ring in Fig. 2͑b͒ , when using O 2 as the carrier gas instead of argon an iron-containing molecule is photodissociated, yielding a fragmentation channel at the mass of iron with nonzero kinetic energy release. In Fig. 4 we prove that the appearance spectrum of this ring from 
